Introduction: Chronic subdural hematoma (CSDH) is one of the most common types of intracranial hemorrhages and carries a significant morbidity; there is no clear optimal treatment. Recurrence, pneumocephaly and seizures are common complications. We will evaluate outcome after inner membrane fenestration in comparison to burr-hole evacuation only in cases of CSDH. Patients and Methods: Our work was conducted on 20 patients with CSDH from February 2017 to July 2017. Endoscopic-assisted microscopic fenestration technique was used to do inner membrane fenestration in ten patients and the other 10 patients operated upon by traditional burr-hole evacuation. Regular follow up was done up to one month. Results: Clinical outcome was nearly the same in the two groups. Recurrence rate was only noted in the non-fenestration group (20%). Midline shift was better in the membrane fenestration group after one month and we experienced no intraoperative surgical complications related to the fenestration technique. Postoperative complications, such as Pneumocephalus and seizures, were seen in both study groups. Conclusion: Endoscopic assisted microscopic technique decreases surgical risks to do inner membrane fenestration although there is no major difference between doing fenestration or not in clinical outcome, but it may decrease recurrence, but larger studies are needed.
Introduction
The incidence of chronic subdural hematoma (CSDH) in the general population has been rising. This is, in part, due to an increase in the elderly population and an increase in the use of oral antiplatelet and anticoagulation agents in this group of patients [1] [2] . Patients often live with chronic, subacute, or mixed acute on top of CSDH in the community and do not present to medical attention until they become symptomatic [3] .
The most common theory to explain CSDH is that minor inertial brain injury causes movement of the brain within the skull and tears bridging veins as they traverse cell layer of the dural border [4] .
Gardner [5] suggested that a difference in osmolarity between cerebrospinal fluid (CSF) and CSDH fluid cause its enlargement by imbibing CSF. Subsequent theories invoked oncotic pressure gradients between intravascular plasma and CSDH fluid. The osmotic/oncotic pressure gradient theory is not supported by studies showing there is no difference in osmolarity or oncotic pressure among CSDH fluid, plasma, and CSF [6] .
Although recurrent hemorrhage is probably the most important process that leads to CSDH enlargement, it is likely that exudation and transudation contribute in part to the pathogenesis of CSDH.
Lee et al. [7] suggested that CSDH may develop following hemorrhage into a subdural hygroma. The development of a hygroma, much like a hematoma, induces the formation of neo-membranes accompanied by neovascularization, and these fragile vessels promote repeated microhemorrhage and eventual development of CSDH [8] .
Many studies have explored the various treatment modalities for CSDH.
These treatment options have included craniotomies, burr-hole evacuation (BHE), and twist drill craniotomies (TDC).
Neurosurgeons have been focusing on less invasive techniques in many of these patients to minimize complications. Various studies have compared the outcomes from less invasive TDC with craniotomies and BHE. These studies have reported similar radiographic and clinical outcomes among the groups treated with different techniques.
Endoscopic-assisted evacuation of CSDH is a well-established technique, although not commonly used. It is combined of burr-hole evacuation of CSDH with inspection of the subdural space with the use of the endoscope [9] . Endoscopic assisted microscopic techniques have not been previously discussed in literature.
We aim to evaluate the effect of partial excision of the inner membrane of chronic subdural hematoma with BHE by endoscopic assisted microscopic technique compared to evacuation without membranectomy in terms of clinical and radiological outcome in the first month postoperatively.
Patients and Methods
This study was prospectively conducted on 20 patients with chronic subdural hematomas operated upon in the period from February 2017 to July 2017 in 
Surgical Technique
All the patients were operated upon under general anesthesia in the supine position, the head was turned to the contralateral side of the hematoma at a 45-degree angle.
In fenestration group: Two burr-holes were made and enlarged with a kerrison rongeur (15 mm). The dura was cauterized using a bipolar cautery, then incised in a cruciate manner and opened. Edges of the dura were coagulated on the edges of the burr-hole. The outer membrane of the hematoma was opened using a number 15 scalpel. Subdural cavity was irrigated using normal saline until the color of the fluid become clear.
The surgical microscope was used to visualize the cortex through the anterior burr-hole. Surgical endoscope was brought through the posterior burr-hole and manipulated by the help of the assistant surgeon. The inner membrane was lifted by a forceps and 3 to 5 cm were opened initially by microscissors then hydrodissection via insulin syringe, so it was easily torn out ( Figure 1 ).
The surgical microscope allowed better illumination and magnification through the anterior burr-hole and facilitates accurate site of the inner membrane opening (area devoid of cortical vessels), different endoscopic angles cleared out residual hematoma not amenable to be seen with the surgical microscope.
After subdural space (SDS) irrigation was completed, the tip of nelaton catheter was inserted through the posterior parietal burr-hole and the proximal tip catheter with 5 -7 cm left in SDS. SDS was filled with normal saline and connected to a closed drainage system. The drain was externalized from the posterior In Non-fenestration group, the steps are the same, except for the inner membranectomy part and using the endoscopic assisted microscopic technique.
Antibiotics and prophylactic antiepileptic drugs were routinely given to all the patients postoperatively. 
Statistical Analysis
Data were collected and coded to facilitate data manipulation and double en- 
Sampling
The sample size was calculated according to Epi Info 2000. A sample size was selected using a special formula based on the prevalence of disease at a confidence interval of 95% and precision of (2%). The sample increased by 10% to overcome problems related to non-responses and missing data. The power of study was 80%.
Ethical Approval
The study was approved by the scientific research ethical committee at our University hospital after ensuring the ethical standards and scientific merit of research involving our patients and was matched with the 1964 Helsinki Declaration and its later amendments.
Consenting
Informed Consents were obtained from the patients and/or their legal representatives after being informed of the details of the surgery, the probable outcome, the complications, and the possibility of recurrence and re-operation.
Results
On comparing the demographic characteristics of the patients in study groups, both were nearly the same regarding sex distribution and age range with mean age in 6th decade (Table 1) .
There was no statistically significant difference with p-value > 0.05 between study groups regarding age and sex distribution which indicated proper matching between the groups.
History of mild head trauma was found in 60% -70% of patients from both groups. Six patients (30%) included in our study needed preoperative correction of coagulopathy or thrombopathy. Four of them were in fenestration group and 2 were in non-fenestration group.
Glasgow coma scale (GCS) was 12 or more in 7 patients in both groups. Epileptic seizures were reported in only 1 patient in Non-fenestration group, none in fenestration group. Motor power in all patients of fenestration group was According to the Markwalder grading system, in fenestration group, 5 patients (50%) were grade 2 and 5 patients (50%) were grade 3. In non-fenestration group, 1 patient (10%) was grade 1, 3 patients (30%) were grade 2 and 6 patients (60%) were grade 3.
There were no grade 0 patients in this study because all the patients in the sample group were symptomatic, requiring surgical drainage. The improvement of patients inside each group was statistically significant (p < 0.05) but there was no significant difference between the 2 groups ( Table 2) .
Unilateral hematomas were encountered in 80% of cases, while 2 patients (20%) presented with bilateral hematoma.
Average preoperative midline shift in fenestration group was 11 ± 4.3 mm (range: 0 -16 mm), while in Non-fenestration group was 10.5 ± 4.11 mm (range: 0 -14 mm). The difference in midline shift between the 2 groups after one month proved to be statistically significant (Table 3 ).
All patients showed improvement of motor power postoperatively reaching full motor power on follow up visit after one month.
None of Pneumocephalus was seen in postoperative CT of eleven patients (55%) of both study groups. None of these patients needed tapping or reoperation as pneumocephalus has been resolving spontaneously. In fenestration group, three patients (30%) had postoperative attacks of seizures. In non-fenestration group, seizures occurred in two cases (20%).
None of the patients in fenestration group had recurrence of the hematoma but 2 patients (20%) in non-fenestration group had recurrence. One of them was clinically intact with no midline shift seen in the CT and was managed conservatively till spontaneous absorption. The other patient presented with recurrent hemiparesis and was re-operated by craniotomy, evacuation of clotted hematoma and excision of membrane and septations. In clinical practice, this difference in recurrence rate can be considered significant, but after statistical analysis, it was insignificant due to the relatively small sample size.
Average hospital stay in both groups of our study was 4.1 ± 1.6 days (range:
3 -8 days). We had no cases of mortality in both groups.
Discussion
Chronic subdural hematoma is one of the most common neurosurgical conditions. It is frequently encountered in elderly people, usually after minor head trauma, and in patients on long-term hemodialysis and long-term anticoagulation. Bilateral chronic subdural hematomas tend to occur more frequently in patients on anticoagulant or antiplatelet therapy .
Most cases of CSDH need surgical intervention. Common surgical procedures
for CSDH include TDC, BHE or craniotomy and some less common adjunctive techniques.
Both the systematic review by Weigel et al. [10] and a decision analysis model based on the data reported in the literature by Lega et al. [3] have identified BHE as the most efficient choice to treat a primary and uncomplicated CSDH because it balances a low recurrence rate against a better morbidity and mortality profile compared to craniotomy and TDC.
Since the 1990s, evidence has been emerging that the use of drains with BHE is associated with lower recurrence rates [11] Regarding the BHE technique, most surgeons use two burr-holes mainly because this allows better washout of the subdural cavity. Taussky et al. [20] observed a higher recurrence rate if one rather than two burr-holes was used. Lega et al. [3] revealed BHE results in significantly better outcomes than TDC or craniotomy.
In 1988, Karakhan et al. published the use of the surgical endoscope for evacuation of CSDH [21] . Since then, several other authors have introduced slight modifications of the technique [22] . Recently, several reports of endoscopic evacuation of subacute and acute subdural hematomas have appeared in the literature [23] . When reviewing the literature, we have found no studies discussing compining the use of endoscope with the microscope for evacuation of CSDH.
The major risk factors influencing recurrence include hematoma density, presence of postoperative pneumocephalus, alcoholism, history of coagulopathy or thrombopathy and intake of anticoagulant or antiplatelet medications. Poor brain re-expansion ability has been suggested for development of recurrence [24] .
Putnam and Cushing propose craniotomy and excision of the outer and inner membranes to prevent recurrence [25] . Manipulating the inner membrane found to result in brain re-expansion easily, and consequently, results in less incidence of pneumocephalus and recurrence despite it is considered risky or invasive.
During the procedure, cortical vessels may be injured, and intracerebral or acute subdural hemorrhage may occur, a complication that was avoided by using surgical microscope to open through and area 3 -5 mm with no underling cortical vessels.
Inner membranectomy with the endoscopic assisted microscopic technique, is considered a novel idea. After reviewing the literature, we found that this subject was only discussed once in a retrospective study done in 2014 by Kayaci et al.
using a microscopic technique [26] .
Local brain herniation through inner membranectomy was reported before, But this incident did not happen to any of our patient [26] .
We adopted a newer technique when we used the surgical microscope through the frontal burr-hole while introducing the surgical endoscope through the parietal buur-hole in the same time. This technique minimizes the surgical risks of cortical injury while opening the inner membrane.
In the study done by Kayaci et al., only 4% of the patients were on anticoagulants and needed correction [26] . Lee et al. found that 25% of their patients had impaired coagulation profile [8] . In our study, 30% of the patients needed preoperative correction of coagulopathy or thrombopathy. This may be due to the prevalence of liver diseases in Egypt which in turn negatively affects the process [28] .
When comparing the time of surgery in both procedures, fenestration technique was expected to have longer operating time. The traditional burr-hole evacuation took an average surgery time of 30 -40 minutes. In the first few cases, the fenestration step used to consume more operating time as we were not familiar with the technique yet, but later it used to take extra 10 -15 minutes with a total operating time of 40 -55 minutes. This extra time did not make a statistically significant difference between the study groups. We had no detectable blood loss in both study groups.
In our study, we had no cases of mortality. Similarly, Zakaria et al. had no incidence of mortality in their series [18] . On the other hand, Oktay et al. reported mortality in 4% of the cases in their study [29] .
Our study limitations include small number of patients and short follow up period which can be adjusted in future studies.
Conclusion
Burr-hole evacuation with or without inner membranectomy provides excellent outcome in the treatment of chronic subdural hematoma. Endoscopic-assisted microscopic technique decreases surgical risks to do inner membrane fenestration although there is no major difference between doing fenestration or not in clinical outcome, but it may decrease recurrence, but larger studies are needed. 
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